Introduction {#S1}
============

Primary splenic angiosarcoma is a very rare neoplasm with a high rate of metastatic disease and poor prognosis.^[@R1]^ Although this pathological entity is rare, it is now regarded as the most frequent primary non-lymphoid malignant tumor of the spleen.^[@R2],[@R3]^ The literature is very limited concerning this specific sarcoma subtype, and due to its unique features and prognosis it is hard to standardize treatment strategies. Moreover, the morphologic spectrum of this disease is highly variable being similar in some aspects to vascular tumors such as hemangiomas, epithelioid hemangioendotheliomas and Kaposi\'s sarcoma, or malignant non-vascular tumors like lymphangiomas and secondary metastatic cancers, causing diagnostic difficulty.

The clinical presentation of this disease is variable. Upper left abdominal pain, weight loss, fatigue, generalized weakness and fever are common symptoms.^[@R4]--[@R8]^ Three common findings are splenomegaly, defined as splenic weight \>250 µg,^[@R4]^ anemia and thrombocytopenia. Spontaneous splenic rupture can occur with a rate between 13--22%.^[@R9]^ Splenectomy remains the mainstay of management, with little data on the utility of chemotherapy and radiation. Some case-reports have reported potential benefit from systemic therapy in splenic angiosarcoma, in terms of down staging tumours and possibly improving outcome.^[@R1],[@R10]^

The aim of this study was to evaluate our experience with systemic therapy in patients with splenic angiosarcoma, with particular regard to response and outcome.

Materials and Methods {#S2}
=====================

A retrospective search of the prospectively maintained University of Washington/Seattle Cancer Care Alliance Sarcoma Unit Database was performed to identify patients with splenic angiosarcoma treated between 2007 and 2012. The study was approved by the Institutional Review Board.

The diagnosis was confirmed by an experienced soft tissue sarcoma pathologist in each case. Patient details obtained included age at diagnosis, tumor size, tumor stage, surgery, radiation and number of lines of systemic therapy, toxicity, time to progression, date of last follow-up/death. Descriptive statistics were used.

Results {#S3}
=======

In total there were 19 patients with angiosarcoma treated at the University of Washington between 2007 and 2012. The number of patients with splenic angiosarcoma was 2 (11%), represented by one female and one male.

The female patient was aged 57 years at diagnosis and presented with a history of left-sided lower abdominal pain, weight loss, decreased appetite and dyspnea. Investigations included a splenic biopsy, which revealed an angiosarcoma. A positron emission tomography-computed tomography (PET-CT) demonstrated hypermetabolic foci in the enlarged spleen and 2 hypermetabolic foci in the liver. The CT revealed several hypodense lesions in the liver. She underwent splenectomy and a liver biopsy. The pathology showed a spleen almost completely replaced by angiosarcoma and the liver biopsy showed a benign hemangioma. A further percutaneous liver biopsy of one of the FDG (fluorodeoxyglucose) avid liver lesions revealed metastatic angiosarcoma.

She was subsequently referred to the University of Washington and commenced on weekly paclitaxel (90 mg/m^2^). A re-staging PET-CT scan following two cycles of chemotherapy showed resolution of the previously hypermetabolic hepatic foci, without new foci of disease. She then received a further two cycles of paclitaxel followed by hepatic resection. The postoperative pathology showed no angiosarcoma. She subsequently received 4 post-operative cycles of paclitaxel. Ten months following liver resection a re-staging MRI (magnetic resonance imaging) scan showed 3 new lesions in the liver, which were not FDG avid on PET and a biopsy of one of these lesions showed no evidence of metastatic angiosarcoma. Twelve months following liver resection she underwent a hernia repair and repated liver biopsies of the previous observed liver lesions. One showed pathology consistent with recurrent angiosarcoma and was treated with radiofrequency ablation. Her disease progressed in the liver and she was treated with pazopanib followed by doxorubicin and a novel agent within a Phase II trial. She is alive over 2 years from diagnosis and tolerating therapy well.

The second patient was a 30 year-old hispanic male, who presented with a history of left upper abdominal pain, night sweats, fevers, weight loss and fatigue. Imaging showed a splenic cyst measuring 10×9 cm, as well as multiple liver cysts, ranging from 2.5 to 5.9 cm. The differential diagnosis included an *Echinococcal* cyst or malignancy. Due to the risk of splenic rupture, a splenectomy and liver biopsy were performed. The pathology showed a splenic angiosarcoma with metastases to the liver. The patient was treated with an anthracycline-based regimen within a randomized Phase III trial. Re-staging following two cycles of therapy showed progressive disease, with new lesions in the splenic bed, omentum and pancreas. He then commenced second-line therapy with weekly paclitaxel (90 mg/m^2^). The patient underwent 2 cycles of treatment, but was hospitalized with hematemesis during the second cycle. He underwent an esophagogastric endoscopy which showed an ulcerated mass in the stomach with active bleeding, proven to be metastatic angiosarcoma. This was treated with radiation. He was subsequently treated with third-line therapy consisting of gemcitabine and docetaxel. He tolerated the first cycle well, but during the second cycle the patient was hospitalized and died 8 months from diagnosis.

Discussion {#S4}
==========

Angiosarcomas are rare soft-tissue sarcomas of endothelial cell origin that have a poor prognosis.^[@R11]^ They account for less than 2% of all visceral and soft tissue sarcomas, and various clinical forms have been described, including primary scalp, radiation-induced, primary breast, angiosarcoma associated with lymphedema (Stewart-Treves Syndrome)^[@R12]^, and vinyl-chloryde induced liver sarcomas.^[@R13]^ Most are spontaneous, however, several well described risk factors exist, including radiation, chronic lymphoedema, exogenous toxins and familial syndromes.^[@R11]^ In contrast, no associative or causative factors were found for splenic angiosarcomas in two large case studies performed by Falk *et al.* and Neuhauser *et al.*^[@R4],[@R5]^ No etiologic association with chemotherapeutic agents has been substantiated in the literature.^[@R5]^

Primary splenic angiosarcoma constitutes one of the rarest type of neoplasm, having its estimated annual incidence ranging from 0.14 to 0.25 cases per million persons.^[@R14]^ Some studies have suggested this neoplasm shows a slight male predominance,^[@R15]^ with no predilection for race, geographic location or heritability. Conversely, some studies have suggested a slight female predilection,^[@R5]^ but no gender predilection was observed in the two largest studies.^[@R4],[@R5]^ The mean age at presentation is 59 years with a range between 14 months and 89 years.^[@R3]--[@R5],[@R16]^ A study by the French Sarcoma Group reported primary angiosarcomas of the liver, heart, bone and spleen as having a poor progression-free and overall survival.^[@R17]^ It is also known that this rare neoplasm has a very poor prognosis, primarily as a consequence of the high rate of metastatic disease, ranging from 69--100%. The main metastatic sites are liver (89%), lungs (78%), lymph nodes (56%) and bone (22%).^[@R1]^ Other known metastasis sites from primary splenic angiosarcoma are bone marrow, gastrointestinal tract, brain, adrenal gland, omentum, peritoneum and pleura.^[@R3],[@R18]^ Falk *et al.* reported that the median interval to metastases in their study was 8 months.^[@R4]^ Hsu *et al.* found in his study that patients with metastatic or recurrent disease had a median interval survival of 6.5 months (range 3--11 months).^[@R6]^ In our two cases, the patients did present with liver metastases, but had markedly different outcomes. In the first case, following a response to first-line chemotherapy the metastatic liver disease could be resected. In the second case, the disease was too advanced for any form of surgical intervention.

Patients can present with a number of non-specific symptoms and findings, such as upper abdominal pain and fullness, fatigue, weight loss, splenomegaly and anemia.^[@R1],[@R4],[@R5],[@R16]--[@R23]^ Splenic rupture can also be a presenting finding, sometimes resulting in acute hemoperitoneum in up to 30%.^[@R19]^ It has been proposed that splenic rupture does not relate to outcome,^[@R5]^ but splenectomy in both emergent and elective cases is rarely curative.^[@R2]^ Conversely, others have proposed that splenic rupture is the worst prognostic factor for survival, due to increased risk of peritoneal dissemination with direct implantation of neoplastic tissue associated with vascular access and hematogenous spread.^[@R15]^ One rare clinical manifestation is gastrointestinal bleeding secondary to metastatic disease, and to our knowledge there have only been two previous reported cases.^[@R9]^ In the case of gastrointestinal bleeding, the clinical course is poor, with a survival rate ranging between 10.3 to 13 months.^[@R9]^ Our second patient died 7 weeks after the initial bleeding episode.

The pathogenesis of splenic angiosarcoma is still uncertain. Some authors have hypothesized that it develops from previously existing benign counterparts, such as hemangioma or hemangioendothelioma.^[@R1],[@R4],[@R5]^

Microscopically, these tumours are very heterogeneous, but in most cases a focal vasoformative component is the dominant pattern with vascular spaces lined by atypical endothelial cells and a sarcomatous stroma,^[@R4]--[@R6],[@R8]^ which is the most important criterion to establish the diagnosis of angiosarcoma.^[@R9]^ Chen *et al.* were the first to establish the blood vessel origin of these tumours in 1979.^[@R24]^ Angiosarcomas are usually composed of malignant spindled, polygonal, epithelioid and primitive round cells as well as clearly recognizable endothelial cells.^[@R4]^ Patient outcome has no relation to histological appearance or grade.^[@R14],[@R16]^ On immunohistochemistry, neoplastic cells express Factor VIII-associated antigen and 2 or more markers of vascular differentiation such as CD34, CD31 and VEGFR3.^[@R4],[@R5],[@R10],[@R11]^ CD68 and lysozyme, known as histiocytic differentiation markers are often also expressed.^[@R5]^ Angiosarcomas tend to display complex karyotypes and no consistent recurrent chromosomal abnormalities have been found.^[@R25]^

There has been interest in the role of angiogenesis and the angiogenic factors in the pathogenesis of angiosarcoma and the potential utility of anti angiogenic agents in these tumors. As previously reported, vascular endothelial growth factor (VEGF) and its receptors can be overexpressed in angiosarcomas,^[@R11]^ however, overexpression of VEGF and fibroblast growth factor (FGF) are associated with tumor growth and poor outcome in soft tissue sarcoma.^[@R26]^ The use of broad-spectrum tyrosine-kinase inhibitors to target VEGFRs has been assessed in several Phase 2 trials.^[@R11]^ Maki *et al.*^[@R27]^ performed the largest study, which included 37 angiosarcoma patients treated with sorafenib. The overall-response rate was 14% with a median progression-free survival of 3.8 months. In contrast, von Mehren *et al.* showed no response to sorafenib administration in various soft tissue sarcoma histological subtypes in their study, apart from modest activity in patients with vascular sarcomas.^[@R28]^ Similarly, another multitargeted tyrosine kinase inhibitor, sunitinib, did not demonstrate activity in non-gastrointestinal stromal sarcomas.^[@R29]^ A Phase I/II study of bevacizumab in combination with docetaxel and gemcitabine in advanced and recurrent soft-tissue sarcomas included three angiosarcomas with complete responses reported in two of them.^[@R11]^ Thalidomide and interferon also have antiangiogenic properties and a few case reports have shown response to them in advanced or metastatic angiosarcoma.^[@R11]^ However, due to the rarity of angiosarcoma the exact role of anti angiogenic agents remains to be clarified, and consequently, further evaluation is required within well designed clinical trials. Notably, pazopanib was approved in 2012 by the FDA for patients wit progressive metastatic soft tissue sarcoma previously treated with chemotherapy.

A number of chemotherapy regimens have been used in angiosarcoma, including cyclophosphamide, doxorubicin, epirubicin, ifosfamide, daunorubicin, vincristine, docetax-el, dacarbazine, bevacizumab, etoposide, cis-platin and paclitaxel.^[@R8],[@R10]^ The main drug groups used are anthracyclines, ifosfamide and tax-anes.^[@R11]^ Therapeutic responses to liposomal doxorubicin have also been reported. A comparison of doxorubicin and weekly paclitaxel in metastatic angiosarcoma has been reported, suggesting similar efficacy,^[@R17]^ however, weekly paclitaxel showed a longer median PFS of 5.8 months and in elderly patients it can be better tolerated than doxorubicin. There is no evidence from prospective randomized trials that combination chemotherapy can improve outcome compared to single agent sequential treatment in metastatic angiosarcoma, but combination chemotheraphy is associated with increased toxicity. Furthermore, many angiosarcoma patients are elderly, so co-morbidities and the risk of treatment related to toxicity can limit the use of chemotherapy.^[@R11]^

*In vitro*, paclitaxel has exhibited potent antiangiogenic activity at low-dose concentration and when weekly administered it proved to be an effective and well-tolerated treatment for patients with unresectable angiosarcoma, achieving a median duration of response of 5 months.^[@R13]^ The mode of action of paclitaxel involves the stabilization of microtubules through the inhibition of the depolymerization process.^[@R13]^ In a large retrospective study of 32 patients with angiosarcoma, 63% responded to paclitaxel treatment, with progression-free-survival of 7.6 months.^[@R11]^ A prospective Phase II trial of weekly paclitaxel for angiosarcoma, showed good tolerability and reported a median survival of 8 months.^[@R13]^ Vakkalanka e*t al.* reported a case showing the benefit of using paclitaxel every 3 weeks for down-staging an unresectable splenic angiosarcoma, followed by surgery and adjuvant paclitaxel.^[@R10]^ Our female patient with splenic angiosarcoma also had a good radiological response to paclitaxel followed by hepatic resection. There has been another report of successful hepatic resection in metastatic splenic angiosarcoma.^[@R6]^ These observations suggest that multi modality treatment may be employed in metastatic splenic angiosarcoma with meaningful clinical benefit. In addition, others have observed good clinical responses to chemotherapy in patients with splenic angiosarcoma.

The optimal systemic therapy for metastatic splenic angiosarcoma remains to be defined, with a number of agents, including cytotoxic chemotherapy and antiangiogenic agents, showing some degree of activity. However, this is an aggressive disease, as illustrated by our second patient who progressed on three lines of systemic therapy and radiation. There is an unmet need for a better understanding of the underlying biology of this disease as well as the identification of targetable molecular drivers.
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